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Abstract: 
In a criminal case involving cutting and resale of amphetamine and cocaine in the Copenhagen area of Denmark, maltitol was used 
as a cutting agent. The analysis of maltitol in seizures of pure diluents as well as in amphetamine and cocaine powders was carried 
out using reversed-phase high performance liquid chromatography (HPLC) with high-resolution (HR) mass spectrometric detection. 
Maltitol was identified in four out of nine amphetamine samples and in five out of six cocaine samples from the case in question. The 
use of maltitol as a cutting agent was considered by the police as a specific marker of the particular criminal group under investigation. 
To support or reject this hypothesis, cocaine and amphetamine samples from a four month period after the involved persons had been 
arrested were evaluated, also as part of the police investigation. None of these samples contained maltitol. The work described covers 
the part of the case involving the department of forensic chemistry, and not the whole police investigation, but everything was done 
within the frames given by the police. To the best of our knowledge, this is the first report of a disaccharide polyol being used as a 
cutting agent for illicit drugs. 
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Abbreviations: DDA: Data-dependent acquisition, ESI: Electrospray ionization, 
HR: High-resolution, HPLC: High-performance liquid chromatography, RT: 
Retention time, GC-MS: Gas chromatography–mass spectrometry, DAD: 
Diode array detection, FID: Flame ionization detection
INTRODUCTION
Illicit drugs like amphetamine and cocaine are most often diluted with one 
or more compounds referred to as cutting agents. In Denmark, the purity of 
amphetamine at street level were in the range 1 – 76 % (mean: 9 %, median: 
5 %) in 2013 and 2 – 74 % (mean: 20 %, median: 14 %) in 2014, and that of 
cocaine were in the range 2 – 78 % (mean: 29 %, median: 25 %) in 2013 and 
< 1 – 86 % (mean: 30 %, median: 22 %) in 2014 [1,2].
The sugars and sugar alcohols previously reported as cutting agents 
are the monosaccharides glucose [3-7] and fructose [3], the disaccharides 
lactose/maltose and sucrose [3-6], and the monosaccharide sugar 
alcohols mannitol [3-6]and inositol [3,5-6].  During the investigation of 
a large case (See section “Case description”) involving seizures of illicit 
drugs and cutting agents in the Copenhagen area of Denmark, the sugar 
alcohol maltitol was used for dilution of amphetamine and cocaine 
powders. 
Maltitol, 4-O-α-D-Glucopyranosyl-D-sorbitol, is derived from the 
hydrogenation of maltose obtained from starch, making maltitol a 12-carbon 
sugar alcohol, also called a disaccharide polyol. Many sugars and sugar 
alcohols are stereo- or positional isomers, and for maltitol known isomers 
are the stereoisomer lactitol, 4-O-β-D-Glucopyranosyl-D-sorbitol, and the 
positional isomers and components of isomalt, 6-O-α-D-glucopyranosyl-D-
sorbitol (GPS), also known as isomaltitol, and 6-O-α-D-glucopyranosyl-D-
mannitol (GPM) [8,9].
Maltitol is commonly used as a sugar substitute and also as an excipient 
by the pharmaceutical industry [8-11], but hitherto the use of a disaccharide 
polyol as a cutting agent for illicit drugs has not been reported. Cutting 
agents can be important from a toxicological point of view, but also for 
intelligence purposes, and as such cutting agents have been used as marker 
compounds for the comparison of various street samples [12, 13].
 Sugars and sugar alcohols in pure powders can be analyzed by 
spectroscopic techniques such as infrared spectroscopy (IR), Raman 
and NMR. Raman spectra for maltitol, lactitol and isomaltitol have been 
published [14] and can be distinguished, at least for the pure compounds. 
The disadvantage of these kinds of techniques is that they provide no 
separation of compounds, making chromatographic methods more 
appropriate for the analysis of illicit drugs that are diluted with a mixture 
of cutting agents. Thus, chromatographic analysis of sugar diluents in illicit 
drugs can be performed by gas chromatography–mass spectrometry (GC-
MS) [15, 16], but this requires derivatization due to the polar nature of the 
compounds, making the process cumbersome. Alternatively, sugar diluents 
have been directly analyzed by liquid chromatography with e.g. refractive 
index (RI) detection [3] or with high pH anion exchange chromatography 
coupled to pulsed amperometric detection [8] or even mass spectrometric 
detection (MS) with the insertion of a desalter between the column and 
the detector [17]. The high pH anion exchange chromatography effectively 
separates maltitol, lactitol and isomaltitol.
In the present case we turned towards in-house equipment and 
methods, since it was important that an analytical method was set up 
quickly, as the results were to be used in the on-going police investigation. 
High-performance liquid chromatography (HPLC) and high-resolution (HR) 
mass spectrometry were successfully applied for the analysis of maltitol in 
the samples from the present case as well as other seized materials. 
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CASE DESCRIPTION
The presented work was done as part of a Danish police investigation on 
a case involving cutting and resale of amphetamine and cocaine in the 
Copenhagen area of Denmark.  Samples of 19 white to off-white powders 
were sent to our department for analysis during the investigation. 
The first powder received at our department  was, by the police, 
suspected to be from a product called MaltidexTM manufactured by the 
company “Cargill”, as the suspects in the case had been seen carrying large 
bags, marked with this brand into an apartment building (a production site). 
At a subsequent raid on the site, the police found similar, emptied Cargill 
bags. The powder in question was sampled from one of these bags. The 
ingredient of MaltidexTM is maltitol (Fig. 1A, insert). The powder could not 
be identified in our routine screenings, nor in additional tests for sugars 
(Fehling’s reaction) and starch (Iodine coloring and microscopy), but was 
confirmed to be maltitol by NMR and mass spectrometry (data not shown).
The 18 other powders (9 amphetamine, 6 cocaine, and 3 cutting agent) 
were analyzed by HPLC-HR-MS in order to see if they also contained maltitol. 
Approximately half a year after the suspects had been arrested and thus 
supposedly were no longer active, the police asked for additional maltitol 
analyses of 10 amphetamine powders and 10 cocaine powders, randomly 
chosen from various new and supposedly independent cases in Eastern 
Denmark (incl. Copenhagen). The aim was to test their hypothesis that the 
use of maltitol as a cutting agent in illicit drugs was specific to the present 
case. 
MATERIALS AND METHODS
2.1 Chemicals 
LC-MS grade methanol and water were from Fisher Scientific (Leicestershire, 
UK). Ammonium formate and formic acid were purchased from Merck 
(Darmstadt, Germany). Maltitol (4-O-α-D-Glucopyranosyl-D-sorbitol), 
D-lactitol monohydrate (4-O-β-D-Galactopyranosyl-D-sorbitol) and 
isomaltitol (6-O-α-D-Glucopyranosyl-D-sorbitol) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). 
2.2 Selection of seized powders
During the police investigation we received 19 samples of seized powders 
from the case in the period from April to December 2013. 
In the beginning of 2014 we were asked to select 10 amphetamine and 
10 cocaine samples from other cases (We did not select 10 of each, but 6 
and 11, respectively). The samples in our storage were from the period 29-
10-2013 – 12-03-2014, and included 22 cocaine cases with 73  samples and 
23 amphetamine cases with 55  samples. All samples were from Eastern 
Denmark, including Copenhagen.
In order to select samples from these other cases, the purity of active 
compound was considered and the amount of other identified cutting agents 
were assessed by visual inspection of the existing chromatograms from the 
routine analyses in order to evaluate if it was likely that an unidentified 
cutting agent was present. Based on this evaluation 11 cocaine cases and 
17 amphetamine cases were omitted, as it was found unlikely that any 
unidentified cutting agent could be present, leaving 11 cocaine cases with 
19 samples and a median of 2 samples per case and 6 amphetamine cases 
with 16 samples and a median of 1 sample per case. When a case contained 
multiple samples, only one sample was selected. In this way it was possible 
to reasonably select samples within the frames of the investigation, and the 
final selection of samples from other cases included 11 cocaine samples and 
6 amphetamine samples. The purity range for the cocaine samples were 10 
– 49 %. 2 of the cocaine samples contained no identified cutting agents, 3 
contained only small amounts of levamisole, and 6 contained a mixture of 
2-3 of the compounds levamisole, phenacetine, caffeine and lidocaine, but 
still with possible room for an unidentified cutting agent. The purity range for 
the 6 amphetamine samples were 3 – 25 %. 5 of the amphetamine samples 
contained no identified cutting agents, and one contained some creatine. 
2.3 Sample preparation
Seized powders were dissolved to a nominal concentration of 1.0 mg/ml in 
25 % v/v methanol:1% formic acid in water. The solutions were subsequently 
filtered through a 0.50 µm membrane (Advantec MFS, Dublin, CA, USA) and 
further diluted 100-fold with 25 % v/v methanol:1% formic acid in water 
containing cyclobarbital (1 µg/ml) and mianserin (1 µg/ml) as internal 
standards for negative and positive ESI mode, respectively. Reference 
standards were initially dissolved to 1.0 mg/ml in water, and then diluted as 
described for the seized powders.    
2.4 Routine screening and quantification
Currently, we initially screen all seized powders, tablets etc. by GC-MS. If no 
illicit drugs are identified, a HPLC-DAD screening is also performed. Cocaine 
and amphetamine are subsequently quantified by GC-FID, and HPLC-DAD, 
respectively. These methods are validated and accredited in accordance with 
the requirements of the DS/EN ISO/IEC 17025 standard. Most adulterants 
will be identified in the GC-MS screening, while creatine will give a signal in 
the HPLC-DAD analysis. However, a number of compounds, such as sugars, 
sugar alcohols including maltitol, starch, and inorganic compounds will not 
be detected in these routine analyses. 
2.5 HPLC-HR-MS
The chromatography was carried out on a 3 µm Hypersil Gold PFP (150 mm 
x 2.1 mm) column (Thermo Scientific, CA, USA) maintained at 40 °C using 
a Dionex Ultimate 3000 UHPLC system (Thermo Scientific, Germering, 
Germany). The mobile phase consisted of solvent A (water containing 10 mM 
ammonium formate and 0.1 % v/v formic acid, adjusted to pH = 3.0) and B 
(methanol and 0.1 % v/v formic acid). The gradient started at 5 % B increasing 
to 95 % B over 10 min, isocratic for 1 min and 3 min for re-equilibration. The 
flow rate was 0.3 ml/min. The injection volume was 2.5 µl. The high-resolution 
Q-Exactive mass spectrometer (Thermo Scientific, Bremen, Germany) was 
operated with negative electrospray ionization (-ESI) in data-dependent 
acquisition (DDA) mode. Full and MS2 scans were acquired at a resolution of 
70.000 and 17.500 (Full width at half maximum at m/z = 200), respectively. 
The higher-energy collisional dissociation energy was 25. The mass accuracy 
was within 5 ppm. RT and MS2 spectrum were recorded for each reference 
standard (0.01 mg/ml). The linear range for maltitol was determined by 
serial dilutions in water at 0.1, 0.05, 0.01, 0.050, 0.0025, 0.001, and 0.0001 
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mg/ml, and the absolute peak areas were fitted using a linear fit with a 1/x 
weighting. A system control of maltitol was run before and after each batch 
of samples to ensure stable peak areas. The figure was made, using RStudio 
(RStudio, Inc., Boston, MA, USA).
RESULTS
3.1 Detection of maltitol  
The [M-H]- adduct of maltitol at m/z 343.1246 could be detected at 0.0001 
mg/ml, the lowest concentration level tested. The peak areas showed good 
linearity in the range 0.0001 mg/ml to 0.01 mg/ml, which would correspond 
to a maltitol content in the powder of 1 % w/w and 100 % w/w, respectively. 
The chromatography could not resolve maltitol, lactitol, and isomaltitol 
(Table 1), which also showed indistinguishable fragmentation patterns (data 
not shown). The disaccharides lactose, maltose and sucrose also co-eluted, 
but could be distinguished from the investigated sugar alcohols based on 
exact masses and fragment ions (Table 1). Fig. 1A shows the MS2 scan of the 
maltitol reference standard, and Fig. 1B that of an amphetamine sample. 
3.2 Analysis of illicit powders
A total of 36 illicit powders were analyzed. 19 of these samples were from the 
case and included 4 samples of maltitol, 5 amphetamine samples of 8 – 20 % 
Table 1. Data for sugar alcohols and disaccharides investigated
Compound
RT  
(min)
Elemental 
composition, M
Monoisotopic mass,  
[M-H]- (m/z)
Selected product ions, observed (m/z) 
Lactitol 1.45 C12H24O11 343.1246 89.0231, 119.0339, 179.0552
Maltitol 1.46 C12H24O11 343.1246 89.0231, 119.0339, 179.0552
Isomaltitol 1.48 C12H24O12 343.1246 89.0231, 119.0339, 179.0552
Lactose 1.45 C12H22O11 341.1089 101.0231, 161.0445
Maltose 1.48 C12H22O11 341.1089 268.8508, 146.9374
Sucrose 1.50 C12H22O11 341.1089 89.0229, 161.0445
Figure 1. Extracted ion chromatogram (EIC) and MS2 spectrum of maltitol from A) reference standard and B) a seized sample
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purity without maltitol, 4 amphetamine samples of 2 – 7 % purity diluted 
with maltitol, 1 cocaine sample of 65 % purity without maltitol, and 5 cocaine 
samples of 19 – 24 % purity diluted with maltitol (Table 2). In the selection 
of 11 cocaine samples and 6 amphetamine samples from independent cases 
no maltitol was present.
Table 2. Samples from the case (2013)
Controlled substance Maltitol present No. of samples Purity (% w/w) of the 
controlled substance
Amphetamine No 5 8 - 20
  Yes 4 2 - 7
Cocaine No 1 65
  Yes 5 19 - 24
None No 0  -
  Yes 4  -
The additional information from the police about cutting agent 
originating from Cargill MaltidexTM bags strongly suggests that, even though 
the applied analytical method cannot discriminate between maltitol and 
its stereo- and positional isomers, the diluent in this case is indeed maltitol 
based on the combined lines of evidence.
Other observed cutting agents in amphetamine samples from the case 
were caffeine, creatine, or a mixture of these. These are in general the most 
frequently observed cutting agents in the amphetamine samples seized in 
Denmark [1,2]. In cocaine samples from the case the other observed cutting 
agents were caffeine, a mixture of caffeine and lidocaine, or a mixture of 
lidocaine and levamisole. While phenacetin and levamisole overall is the 
most frequently observed cutting agents in the cocaine samples seized in 
Denmark [1,2], phenacetin was completely absent in the case samples.
DISCUSSION AND CONCLUSION
The applied chromatography was initially developed for analysis of basic 
drugs of abuse using positive ESI. The use of negative ESI in the beginning 
of the chromatography allowed for simultaneous screening of sugars and 
sugar alcohols in the same run. The method presented here is adequately 
sensitive for maltitol, but cannot discriminate between maltitol and its 
stereo- and positional isomers.  However, the police investigation supplied 
complementary evidence that maltitol, and not an isomer, was used for 
cutting. Therefore, the detection of disaccharide polyols in samples from 
the case is interpreted as maltitol based on the combined evidence, and 
reported as such for use in the police investigation as well as in court. 
The results from the case show that the more diluted amphetamine 
and cocaine samples contained maltitol, while the less diluted did not 
(Table 2), consistent with the idea that maltitol had been added to the drug 
powders in Denmark. None of the analyzed samples from the selected 
11 cocaine and 6 amphetamine cases from ultimo 2013 to primo 2014, 
supposed to be independent cases, contained maltitol. For the other 11 
cocaine and 17 amphetamine cases from ultimo 2013 to primo 2014 the 
same conclusion was tentatively drawn by process of elimination based 
on evaluation of GC-MS and HPLC-DAD chromatograms with respect to 
presence of detectable diluents,   and on quantitative results from the 
routine analyses. Thus, all cocaine and amphetamine samples from the 
period were assessed. This indicates that use of maltitol as a cutting agent 
in cocaine and amphetamine in Eastern Denmark is, at least relatively rare. 
However in general, maltitol is still not covered by routine analyses in 
forensic laboratories.
In conclusion, we present here a case of a disaccharide polyol being 
used as a cutting agent in cocaine and amphetamine powders. The use 
of maltitol appeared to be specific to a particular criminal group, since 
the presence of maltitol in illicit drugs has not been previously reported, 
and since no maltitol was detected in samples from a four months period 
subsequent to the arrest of the group members. As such, the presence 
of maltitol in cocaine and amphetamine was used by the police as a 
fingerprint for that specific criminal group. Furthermore, it was used as 
evidence of the group’s intention to cut and resale more drugs, since pure 
maltitol was also seized. 
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